In a democratic system, policy makers have to take the preferences of the citizens into account. Since we live in a world with scarce resources, one is asked to make choices regarding the use and management of these resources. In this context, if policy makers decide to invest in the protection of marine ecosystems, less financial resources will be available for other policy areas, for example national health. Moreover, the investment in the protection of marine ecosystems brings along with it the provision of a wide range of benefits to humans though most are not priced in the existing markets -for example climate regulation and provision of habitat for biodiversity. Given that most human activities are priced in one way or other, in some decision contexts, the temptation exists to downplay or ignore these important marine ecosystem benefits on the basis of the non-existence of prices. The simple and simplistic idea in the minds of many policymakers is that a lack of prices is equivalent to a lack of values. Clearly, this is a biased perspective. Against this background, this paper explores the motivation for an economic valuation of this complex resource. The state-of-the-art economic valuation methodologies follow the guidelines proposed by the Millennium Ecosystem Assessment, taking into account the existing scientific knowledge on the functioning of marine ecosystems, marine ecosystem goods and services and its impacts on human welfare. Finally, we critically review some economic valuation studies, arguing that the economic valuation of marine ecosystem services and biodiversity can make sense if and only if important guidelines are observed. 
1.

Introduction
Natural marine ecosystems require our attention for two reasons. Firstly, they provide a wide range of benefits to humans, ranging from the provision of food to climate regulation, from coastal recreation to habitat conservation. Secondly, human activities have contributed, and still contribute, to an unprecedented strain on marine ecosystems, and the biodiversity they host. Our experience in the field of environmental economics teaches us that many marine ecosystem values cannot be incorporated in conventional market transactions. The question then is how to translate such values into monetary terms. This is a challenging question to be posed to economists. In order to provide an answer to such a question, economists first need to work with scientists from other disciplines so as to understand the complexity of the relationships between the functioning of marine ecosystems and their capacity to provide ecosystem goods and services. Economists, at a second stage, proceed with the valuation of these ecosystem goods and services, bearing in mind their impact on human welfare. This valuation is expressed in monetary terms, exploring a wide range of methodologies.
We will articulate the discussion as follows. In Section 2 the notion of marine ecosystems as a source of economic value is discussed, presenting the welfare-theoretical based approach as well the economic valuation methodologies. In Section 3 the Millennium Ecosystem Approach is presented and some economic valuation studies are critically reviewed against this integrated ecologicaleconomic framework. In Section 4 the knowledge shortfall is reviewed, putting forward some suggestions for future research. In Section 5 the conclusions are drawn.
2.
Marine ecosystem as a source of economic value
Motivation for economic valuation: why are economists in this picture?
The economic valuation of environmental assets, in general, and marine ecosystems and biodiversity, in particular, is among the most pressing and challenging issues environmental economics is confronted with (see Sudhkev et al. 2008) . One of the main reasons for pursuing economic valuation arises from its potential for benefit-cost-analysis, which is a corner stone in the evaluation of any policy design. The basic rule of benefit-cost-analysis in decision-making is to approve any potentially worthwhile policy if the benefits of the policy exceed the costs. Therefore, there is the urgency to identify and estimate the economic values of the full range of benefits provided by the marine ecosystems. Major organisations across the world such as the World Bank, Conservation International, the Environmental Protection Agency, the European Commission and others promote the application of an economic value assessments and its use in the policy agenda. Environmental accounting is also recognised as an important steering factor in carrying out an economic valuation of marine ecosystems and biodiversity services. In this context, various efforts have been made to adjust national accounting systems and associated gross national product statistics to take into account the depreciation of environmental assets and the loss of biodiversity. Green accounting is one possible strategy. The underlying idea is to add information on physical flows and stocks of environmental goods and services to the traditional national accounting system -the so-called physical satellite accounts. Against this background, there is an ongoing Integrated Project that is synthesising and developing comprehensive estimates of the external costs for Europe of a broad set of economic activities, setting up a detailed environmentally extended inputoutput framework, with links to other socio-economic models, in which as many of these estimates as possible are included (EXIOPOL 2008) . Finally, natural resource damage assessments (NRDAs) have also created a stimulus for the economic valuation of marine ecosystems. The core of a NRDA exercise is to appraise how much society values the destruction of natural resources. An important benchmark in the history of NRDA is the massive oil spill due to the grounding of the oil tanker Exxon Valdez in Prince William Sound in the northern part of the Gulf of Alaska on March 24, 1989 . This was the largest oil spill from a tanker in US history. More than 1,300 km of coastline were affected and almost 23,000 birds were killed (Carson et al. 1992 
General features of the economic valuation perspective
The economic valuation of marine ecosystem and biodiversity services (MEBs) is based on an instrumental perspective of the value. This means that the value of MEBs is anchored in a human perspective and therefore interpreted as the result of an interaction between who attaches value (humans) and the object of valuation (flows of ecosystem goods and services). In other words, the economic valuation perspective subscribes an anthropocentric value orientation, thus rejecting the notion of intrinsic values -see Nunes and van den Bergh (2001) . Secondly, humans elicit MEBs in terms of their impact on human welfare, including human knowledge, use, experience, and consumption of MEBs. Thirdly, the economic valuation of MEBs has a reductionist approach since it is based on the idea that one is capable of subdividing the total economic value into use value and passive use value, reflecting the different human motivations with respect to the (non)use of biodiversity values -see Table 1 . In a conceptual framework, one can define the total value (TV) of the marine ecosystem and biodiversity benefits in terms of the use value (UV) and non-use value (NU). The former can be further divided into direct and indirect use values (DUV and IUV). Direct use values include: (a) marine and coastal recreation benefits; (b) natural and cultured marine species with commercial value; and (c) insurance with respect to potential risks to human health.
Indirect use values refer to benefits that relate to the good functioning of the marine ecosystem and the survival of marine living resources, even if these have no direct commercial value. Finally, nonuse values of marine quality can be divided into a bequest value (BV) and an existence value (EV). Bequest value refers to the benefit accruing to any individual from the knowledge that future generations might benefit from a sustainable marine ecosystem. Existence value refers to the benefit derived simply from the knowledge that the marine ecosystem is protected without even being used. Fourthly, economic valuation of MEBs is pursued through explicit changes in the current state of the world. On average, these are described by the use of scenarios and economists focus on the welfare changes involved. In other words, an economic valuation of the system (in its current state) is not pursued but rather of the changes of the system. For example, in the field of climate change, one may be willing to assess the total economic value provided by MEBs when moving from an A1 to a B2 storyline scenario. Fifthly, economic valuation of MEBs is a monetary indicator. The reason is that from a theoretical perspective, economists assume that consumers are willing to trade changes in the level of provision of MEBs with variations in their income (e.g. compensation measures or payments for ecosystem services). This means that the economic valuation results can be easily fitted to benefit-cost-analysis, a crucial tool for the design of effective and broadly accepted management policy. Finally, a European review on the economic valuation of ecosystems and biodiversity (TEEB phase 1) points out that most of the economic valuation studies lack a uniform, clear perspective on MEBs as a distinct, univocal resource. Therefore, an integration of the economic valuation exercise within a fully integrated approach such as the one recently proposed by the United Nations, the Millennium Ecosystem Approach, is solicited. This will be considered in detail in Section 3. However, the different economic valuation methods that an economist can refer to are discussed before this. 
Economic valuation tool box
Various valuation methods are available to give an economic value to environmental benefits. We can distinguish two groups of valuation methods: the direct and indirect or dose response valuation methods -see Table 2 . The dose response methods are similar in that they put a price on environmental commodities without establishing people's preferences for these commodities. The production cost techniques such as the dose response methods rely on the presence of physical input-output relationships. For example, if one intends to estimate the monetary value of the benefits of clean air on human health, one can take into account the relationship between air pollution and the number of visits to physicians and the purchase of drugs. This valuation method results in underestimates as it omits preferences for health, the value of which cannot be easily estimated. Conversely, the direct methods rely on individual preferences. These methods are further divided into revealed preference methods and stated preference methods depending on the process by which the individuals' preferences are obtained. The group of revealed preference valuation methods consists of three methods: travel cost, hedonic pricing and averting behaviour (see Braden and Kolstad 1991, Mäler 1988) . The common underlying feature is the dependency on a relationship between a market good and the environmental benefit. For example, when using the travel cost method, researchers estimate the economic value of recreational sites by looking at the costs of the trips made by the visitors to these sites. When using the hedonic price method to estimate the economic value of clean air, researchers examine the analysis of house market prices and surrounding air characteristics.
Researchers who use the averting behaviour method try to estimate the economic value of clean air on the basis of expenditures on technological equipments made to avert or mitigate the adverse effects of air pollution.
Whereas economists who use revealed preference valuation methods have to carry out estimation exercises bearing in mind the existent market price data, economists who use stated preference valuation methods have to collect their own data by means of questionnaires, based on constructed markets. The underlying feature is the use of the questionnaire to ask the individuals directly to state their economic values for environmental commodities (Mitchell and Carson 1989) . The use of questionnaires require economists to work closely with experts from market and survey research, sociology and psychology in order to guarantee the authority of the stated choice methods as a valid instrument to assess economic value of an environmental benefit (Carson et al. 1994 , NOAA 1993 . In contrast, revealed preference methods have remained an exclusive valuation tool for economists. Stated preference valuation methods are contingent valuation, contingent ranking, pairwise comparison and allocation games. The respective differences relate to the way in which the economic values are elicited. For example, whereas the contingent valuation method asks respondents to express their preferences for some defined environmental benefit in monetary terms, the contingent ranking method asks the respondent to rank a number of described environmental quality alternatives.
It is important to note that an alternative valuation method, benefit transfer, is currently popularised and applicable for any of the ecosystem goods and services in question. The development of benefit transfer technology provides a low cost and less time consuming opportunity for the economic valuation of most of the environmental goods and services. The idea underlying this method is to transfer the biodiversity benefit estimates from original CV studies to the policy site, where no original studies have been done but policy decisions need to be made. However, the validity and accuracy of the estimate results need to be improved. In Table 3 , we display all the valuation methods mentioned so far, and list detailed information regarding the respective application fields, data requirements as well as main limitations of each individual method. 3. An ecosystem service based approach
The conceptual integrated ecological-economic framework
The Millennium Ecosystem Assessment (MEA, 2005) has fundamentally changed the approach that has characterised natural and social scientists, and has mapped the complex relationships between biodiversity, ecosystem functioning, and human welfare. The MEA distinguishes four broad categories of benefit: provisioning services, cultural services, regulating services and supporting services -see Figure 1 1 .
Figure 1: Mapping the links between biodiversity, ecosystem services and human wellbeing
Source: MEA (2005) Following the MA approach, Beaumont et al. (2007) and Balmford (2008) , identified a range of marine ecosystem goods and services for each category -see Table 4 . An accurate, complete and reliable monetary assessment of marine ecosystem benefits also requires the application of specific monetary valuation tools. Bearing in mind both the classification of the economic value component and the respective marine benefits, Table 4 shows the most suitable valuation methodology to be used. (1) market price method, (2) no clear understanding of the potential of these economic valuation methodologies to fully capture the magnitude of the benefits due to high degree of uncertainty.
As one can see, the travel cost method is the most suitable valuation method for a monetary value assessment of marine quality benefits that relate to the provision of tourism and recreational opportunities. Moreover, stated preference methods can fulfill an important role in the overall found on the productivity of many ecosystems -which are crucial to the provision of many services such as food or wood -and on their resilience, e.g. their capacity to respond to disturbances in a constructive way.
assessment of marine quality benefits. Indeed, stated preference methods can be applied to assess the monetary value of most of the types of benefits provided by the protection of marine quality, including both bequest and existence values. Furthermore, these methods have the advantage that marine policies may be valued even if they have not yet been adopted (ex ante valuation) or lie outside the current institutional arrangements. Thus, it offers much scope and flexibility for specifying different marine protection, restoration and amelioration programmes. For these reasons particular attention will be paid to the analysis and discussion of stated preference methods, including the stated choice method (SC) and contingent valuation method (CV). In addition, we will also focus on the use of the travel cost (TC) method to assess marine recreational values.
SC and CV are survey based valuation techniques that are widely used in the context of environmental valuation (Carson et al. 1992 , NOAA 1993 , Hanley et al. 2001 . CV is a surveybased approach that directly estimates the preferences for risk reductions in the overall marine ecosystem quality. Therefore, CV gives an immediate monetary estimate of the willingness to pay (WTP) welfare measure associated with an increase in the marine quality. In short, CV and SC make use of a questionnaire that describes a survey market in which non-market goods can be traded. It is assumed that the values elicited with CV will correspond to those that would emerge on real markets. The contingent market defines the good itself, the institutional context in which it would be provided, and the way it would be financed. Respondents are then asked to express their maximum WTP for a survey-described change in the level of the environmental good. Alternatively, in the SC approach respondents are presented with a set of two or more survey-described alternatives that differ in terms of the respective attributes and attribute levels. The respondents are asked to select the alternative they prefer. Both a CV and a SC questionnaire contain two important elements. The first is a clear description of the environmental good to be valued. The second element is a mechanism for eliciting the WTP of the respondents. CV describes the elicitation process directly with a WTP question, while in SC, individual WTP is inferred from the choice of the described alternatives (or choice sets). Finally, the travel cost method (TC) can be used when the valuation exercise, and underlying policy proposals, refers exclusively to the recreational use values provided by protection of marine quality. In short, the travel-cost method is a demand-based model used for a recreation site -see Nunes and van den Bergh(2004) .
Valuation studies
From the theoretical view point, climate change is expected to have inter alia an impact on the Arctic sea-ice cover and its thickness and on the Atlantic meridional overturning circulation. This may be translated inter alia into higher surface/water temperatures that, in turn, will strengthen near-surface stratification and decrease the ability of the winter winds to mix the water column (e.g. In Figure 3 , one can see that there are two basic levels of analysis that can be used to assess the net cost of impacts of climate change and marine biodiversity effects, namely partial equilibrium analysis and general equilibrium analysis. Partial equilibrium analysis: According to this economic analysis the impacts of climate change, and its implications in terms of the ecosystem provision of EGS, can be examined in terms of its direct effects on a specific, single market, an industrial sector or economic activity (e.g. the local or regional effect of a reduction of the supply EGS on forest recreation activity). General equilibrium analysis: This kind of economic assessment method is widely used for studying the indirect economic impacts or economy-wide impacts caused by climate change. Thus, the impacts of 
Market valuation methods
Biophysical/Biological I climate change can be assessed for a number of markets, economic sectors and respective trade patterns within an entire economy. This analysis considers the interactions among the different economic sectors and suggests that any climate change impact on one specific market will produce indirect impacts on many other markets, thus affecting prices in a wider context.
Box I: Studies of Marine Ecosystem Service in Europe
1. In the coastal waters of several European countries there is a notable loss of crayfish populations (A Pallipes, A. Astacus, A. Torrentium) due to pollution, habitat loss, overfishing and the introduction of alien species (mainly N. American). Services lost include food (domestic varieties fetch twice the price of non-native varieties), regulating services (trophic effects on prey and predators), recreation and cultural services. Although estimates of the loss have not been made, estimates of the costs of restoration have. They indicate modest costs (around €225,000 per stream over 5 years in France) that would be well below the value of the recovered crayfish populations. 2. Overfishing in the North Sea is a major threat to its biodiversity and ecosystem health and stocks of a number of fish are now under stress. Estimates of the benefits of recovery plans that would increase populations are about €600 million a year. This excludes benefits from fish processing and recreational fisheries. 3. Eutrophication of coastal marine ecosystems in Sweden is well known and studied. Services lost as a result of eutrophication include provisioning for commercial fishery species and reduced efficiency in regulating services such as cycling and deposit nutrients. In addition there is a loss of cultural services, notably recreation. The value of the loss of regulating services is estimated at €6-€52 million a year for the Stockholm archipelago (for a one metre improvement in summer Secchi depth i.e. depth to which water can be seen with the naked eye) while the value of provisioning services is estimated at €6-€8 million a year for the Kattegat and Skagerrak fishery areas. This is based on a reduction in the output of plaice juveniles as a result of eutrophication. 4. A marine protection programme that focuses on the prevention of harmful alga blooms along the coastline of the Netherlands, entailing the construction of a ballast water disposal treatment in the Rotterdam harbour and the implementation of a monitoring programme of the water quality in the open sea along the North Holland beaches, is valued in the 225 -326 million euro range, and includes non-market benefits associated with beach recreation, human health and marine ecosystem impacts Alternatively, from the empirical valuation perspective, today we find neither a partial equilibrium nor a general equilibrium application that focuses on the monetary value measurement of the wide range of impacts of climate change on marine ecosystems. A recent review of the economic valuation literature of ecosystems and biodiversity services showed that among the 291 valuation studies submitted to the international call for evidence issued by the European Commission, only 4 referred to marine and coastal valuation studies , Sudhkev et al. 2008 ) -see Box I.
A further set of recent European market-based studies of marine biodiversity value and the value of marine ecosystem services not submitted to the call, but of relevance to the application of MEA is presented in Box II, which also includes valuation based on stated value approaches that estimate the value of various economic activities connected to marine ecosystem biodiversity and, more generally, to conservation-see Beaumont et al. (2006) for more information. In addition we include Box III that has details on an overview for the Mediterranean and Black seas -see SESAME (2008) for more information.
Box II: An overview of goods and services provided by UK marine ecosystems
Food provision Food provision refers to the exploitation of marine plants and animals for human consumption. For instance, Defra sea fisheries statistics 2004 reported a total value of £513 million for the UK fishery industry. However, marine ecosystems have been disturbed by anthropogenic consequences, such as climate change, in terms of reduced provision of commercial fish stocks as well as loss of marine biodiversity. In economic terms, it refers to a decrease in fisheries productivity in association with a negative welfare impact. The magnitude of the welfare loss for this value aspect is underestimated as it considers only market prices.
Box II: An overview of goods and services provided by UK marine ecosystems (cont.)
Raw materials Raw materials refer to the marine organisms extracted for all purposes except human consumption, e.g. pharmaceutical and ornamental uses. Even though this category of MEBs is highly underestimated due to a lack of market value data, it represents considerable market value. For example, figures show that the total value of fishmeal in the UK market in 2004 was £81 million (European Parliament Report 2004) , whereas the estimated total gross income from seaweed was between £349,819 and £583,032. Therefore, any alteration of marine biodiversity will influence the provision of raw materials as well as the respective human welfare.
Gas and climate regulation Gas and climate regulation is a consequence of the natural functioning of marine living organisms that balance and maintain the chemical composition of the atmosphere and oceans. However, the monetary magnitude of this value component is rather difficult to obtain by using market valuation methods; instead an avoidance cost method can be employed so as to estimate the savings from damage avoidance due to marine conservation policies. For instance, Beaumont et al. (2006) obtained a value estimate ranging between £420 million and £8.7 billion (UK£2004) for the UK territorial waters area.
Disturbance alleviation and prevention
The damage caused by flooding and storm events can be alleviated and prevented by biogenic structures. For instance, the salt marshes attenuate and dissipate wave and tidal energy and thereby substantially reduce the cost of flood defence measures (Morris et al.2004 , Brampton 1992 , and Möller et al. 1996 . By using the avoidance cost method, King and Lester (1995) and Beaumont et al. (2006) have calculated cost savings from sea defence for the UK waters and obtained an estimated value between £17 billion and £32 billion. The authors acknowledge that this value estimate is underestimated as only salt marshes were considered.
Cultural heritage and identity
This service of marine ecosystems reflects the cultural value associated with marine biodiversity e.g. for religion, folklore, painting, cultural and spiritual traditions. However, little information is currently available on the cultural benefits of marine biodiversity, although this is believed to be indicative of a lack of documented research, as opposed to a lack of value.
Cognitive values This value component refers to the economic values of cognitive development in marine science, including education and research. For example, in the UK, marine research and application areas involved total funding of about £292 million in 2002, in addition to £24.8 million generated in education and training in marine science (Pugh and Skinner, 2002) .
Leisure and recreation
The leisure and recreation service provided by coastal marine biodiversity has significant economic value, including support to the related employment and small businesses. In the UK, the total net value of marine leisure and recreation was estimated to be £11.77 billion in 2002 (Pugh and Skinner, 2002) . More specific valuation studies are undertaken for open marine waters, e.g. whale-tourism and seal watching. Statistical figures show that the whale-tourism in West Scotland generated total income at £7.8 million in 1994, whereas the seal watching provided at least £36 million to the UK economy in 1996 (Beaumont et al. 2006 ).
Bequest and Existence values
This value component captures the non-use value of marine ecosystems. Therefore, the stated preference method is considered the most appropriate valuation method, e.g. the contingent valuation method. Studies by Hageman (1985) and Loomis and White (1996) estimated an annual average household's willingness to pay for surviving species of sea mammals in the £19 -£46 range per species, depending on the mammal species. By multiplying the unit estimate by the total number of households, the non-use value of marine mammals was estimated to vary between £469 million and £1,136 million in the UK in 2004.
Nutrient cycling value Nutrient cycling has an essential role in terms of alleviating excessive nutrient loading and sustaining the productivity rates of marine species. The economic valuation of this service is rather difficult due to the high degrees of uncertainty about anthropogenic effects. Costanza et al. (1997) employed a replacement cost method and estimated the value of marine nutrient cycling in the £0.10 -£0.29 per m 3 range, which corresponds to a total replacement cost between £800 billion and £2320 billion derived from the UK waters. However, this value estimate should be used with caution.
Biologically mediated habitat A biologically mediated habitat is provided by living marine organisms supporting a large number of species. It has an essential role in the marine ecosystem functioning. The loss of these habitats will result in a decline of biodiversity due to a loss of nursery and refuge areas. However, the valuation of marine biologically mediated habitats is currently missing due to lack of information.
A number of points should be noted about these estimation results: (1) Estimates of market values are partial and generally not comparable. Sometimes the figures are given as net income, sometimes as gross income. Gains in terms of employment or increased local economic activity found in some reports are not necessarily economic benefits or they might be only partially (that depends on what alternative employment opportunities exist and what alternative economic activities are possible). With the current state-of-the-art, however, it is possible to carry out proper valuations based on economy-wide impacts of biodiversity loss or conservation and some studies have done this; (2) In some cases estimates are based on the costs of restoring lost services. Albeit useful, such estimates could be higher or lower than the market value that is lost. Indeed one of the purposes of valuing loss of biodiversity is to see if replacement or restoration is justified. Using the former as a measure of value does not allow you to answer that question; (3) Underlying the market-based approach are scientific studies linking the estimated impacts on biodiversity to certain causes (e.g. the effect of pests on forests, of forests on air pollution etc.). We should recognise that there are still many uncertainties regarding these links, which should be reflected in the reported benefits; (4) The majority of the studies refer to marginal changes in local areas. At the same time there are a few that value the broad scale of services provided globally. The numbers from the latter studies are extremely high; (5) The purpose of many of the studies was to show that the services provided by nature are significant and either merit protection (where biodiversity is threatened) or merit expansion (where there is potential for it). Estimates of the 'opportunity cost' of coastal habitat, wetlands -i.e. what it would be worth if it were not conserved -are often much lower than the value of the biodiversity services provided if it was conserved.
Box III: Overview on valuation studies in the Mediterranean and Black Sea
Food provision Knowler et al (1997) developed a bioeconomic model of the Black Sea anchovy fishery and have estimated the benefits of pollution abatement in terms of fisheries revenues at €2.57 million annually in addition to the existing fisheries revenues of €12.57 million in the Black Sea. Alberini and Zannatta (2005) conducted a contingent valuation survey to estimate the welfare improvements associated with a 50% increase in catch rates resulting from a reduction in the discharge of industrial pollutants into the Venetian Lagoon. Using this information, the authors calculated the welfare improvements associated with a 50% improvement in catch rates to be €3.42 million annually. Langford et al (1998) report the results of a contingent valuation survey carried out in Greece to estimate the public's willingness to pay for the conservation of the Mediterranean monk seal (Monachus-monachus) in the Aegean area. The authors estimate a median willingness to pay of € 12.
Bequest and Existence values
Leisure and recreation Machado and Mourato (1998) use contingent valuation to determine the value of a reduction in health risks associated with recreating in polluted marine waters along the Estoril coast, Lisbon. Estimation results show that recreational/amenity use value per visit range from € 16 for changing from a bad to a good quality beach to € 7 for moving from average to good quality beaches. The mean expected willingness to pay to avoid an episode of gastroenteritis was € 8. Brau and Cao (2006) carried out a choice experiment on a sample of tourists at the end of their holiday on the island of Sardinia (Italy) to examine the feasibility of implementing sustainable tourism policies. As far as environmental quality is concerned, it is found to be an important determinant of destination choice. Tourists were willing to pay € 40 for proximity of the lodging to the sea, € 57 to avoid the risk of overcrowding and € 50 for the option of existence of a protected natural area in the surroundings.
Box III: Overview on valuation studies in the Mediterranean and Black Sea
Disturbance prevention Alberini et al. (2004) administered a contingent valuation study to elicit willingness to pay for a theoretical project that would improve infrastructure on the island of S. Erasmo (in the Venetian Lagoon) to help control erosion, improve beach quality, refurbish sewage and water pipes, and restore a cultural monument. The value estimates show that the non-use portion of mean willingness to pay is € 36, and the values for users and potential users are € 56 and € 35, respectively. Jones, Sophoulis and Malesios (2007) conducted a contingent valuation survey to evaluate the benefits deriving from the improvement of the sea water quality around the city of Mitilini, an island located in the Northeast Aegean Sea, resulting from the construction of a Sewage Treatment Plant. Estimation results indicate that the residents of the city were willing to pay € 17 every four months over a period of four years.
Nutrient cycling
Critical discussion of the valuation studies
Biodiversity is a complex, abstract concept. It can be associated with multiple, widely ranging benefits to the human society, most of them still poorly understood. From the economic valuation studies under review it is clear that the few empirical assessments of marine biodiversity and ecosystem values do not provide an unequivocal, unambiguous monetary indicator. In any case, one should always keep in mind that economic valuation of biodiversity values does not pursue total value assessment of biodiversity, but rather of biodiversity changes. Therefore, it is nonsense to try to value extremely large changes in biodiversity, and certainly a waste of time to examine extreme changes like one resulting in a situation in which there is no natural living creature. Economists have assessed the economic value of biodiversity through tradeoffs between money and changes in biodiversity at different levels of life diversity, including genetic, species, ecosystem and functional diversity. Most of the time, there are no market valuation mechanisms that price biodiversity values. Therefore, valuing biodiversity requires the use of special valuation tools. The choice of the valuation tool will, in turn, depend upon the biodiversity value category under consideration. For example, it will be hard to set a contingent valuation survey to elicit the economic value related to changes in ecosystem functions and ecological services that are far removed from human perceptions, such as CO 2 storage or groundwater purification processes. On the contrary, the contingent valuation method is the most appropriate method whenever one focuses on the monetary valuation of biodiversity non-use values. Having said this, we strongly believe that the (neo-classical) economic valuation of biodiversity does make sense. Nevertheless, it is important to mention that economic valuation studies have arrived at an important crossroad. On the one hand, one may opt for combining contingent and non-contingent valuation strategies so as to assess the complexity involved at multiple life organisation levels in more detail. This strategy signals the need for a multidisciplinary approach that seeks a clear perspective on the direct and indirect effects of changes in biodiversity on human welfare. This would contribute to more sturdy economic value estimates that could serve to guide biodiversity policies. On the other hand, researchers can continue to work on creating more sophisticated versions and applications of the non-market valuation methods.
Shortfalls in knowledge and suggestions for future research
From the above, and from a review of the valuation literature, we conclude that while methods have been developed and used widely for some environmental values (especially non-market values), there are still several gaps in the literature. Notable among these are the lack of valuation studies and of the assessment of economic value. In fact, we would argue that the following issues need to be addressed urgently:
i.
to promote the development of valuation studies that focus on the valuation of loss of marine species other than keystone species; marine cultural and spiritual values; and the dynamic aspect of all ecosystems and values -changes over time are at the core of all ecosystems.
ii. equally important, information on the impact of climate change on the European marine and coastal environment is still patchy. Therefore, a greater effort has to be made to gather, store and analyse previously and currently collected marine environmental data (e.g. common open access database and annual pan-European reporting based on national contributions).
Given that there are thousands of ecosystems and sites of importance within the EU, let alone the whole world, it is impossible to conduct individual studies to obtain the relevant information in a timely way. Hence some kind of benefit transfer will be essential if the goal of obtaining national, regional and global estimates of the damages from biodiversity loss in the absence of any action is to be obtained. The same applies, a fortiori, to estimating the reductions in such damages when some actions to protect the ecosystems are implemented.
The solution to this problem is that one needs to improve the application of benefit transfer for specific evaluations of ecosystem service benefits. In this context, we need to establish a clear set of guidelines about which kinds of benefit transfer are possible. Such guidelines need to stipulate not only the kind of ecosystem services but the areas and countries where the transfer can be carried out, given the available set of valuation studies. Secondly, further research should be carried out on how 'packages' of ecosystem services may be valued without undertaking whole new studies. Where there is an adding up problem, it may be possible to develop approximations for adding up benefits that can only be transferred individually. Thirdly, where transfer is not possible, we should develop toolkits that can be used to carry out location specific studies. Given the large database of existing studies, these can help simplify and demystify the process of valuation so it can be conducted in a more routine and cheap manner. Finally, an inventory of all major ecosystems should be drawn up and the loss of services expected under different scenarios should be prepared. Some of this is underway for some ecosystems but not for all the important ones.
In any case, one should always keep at the back of one's mind that any economic valuation exercise refers to an incremental value. To be useful, the valuation of the service has to be an incremental one. There is little advantage in knowing the total value of an ecosystem unless there is a threat to eliminate it or a policy or reconstruct it in its entirety, which is rarely the case. Yet many valuation studies provide estimates of the total cost of whole systems and there is even one regarding the value of the ecosystems of the whole world (Costanza et al., 1997) . Carrying out an incremental analysis (which may entail estimating significant non-marginal changes in ecosystems), however, is not as easy as it might sound. If one is using revealed preference methods, a link has to be established between a change in the environmental attribute and the demand for a visit to a site or the value of a property. If one is carrying out a stated preference analysis the respondent has to understand the nature of the incremental change, which is more difficult than asking for the value of access to a site or use of a particular recreational facility. Finally, any economic valuation exercise needs to address the multiple services and the 'adding up' problem. Many ecosystem services that individuals receive are multidimensional and there is an adding up problem. The value attached to one forest area for recreational or other use is not independent of whether another forest nearby is conserved or not. The implication is that studies need to be undertaken allowing for substitution effects, which makes them more specific to a particular application and less capable of being transferred to other applications.
5.
Conclusions
This report has critically reviewed the economic valuation of marine ecosystem services and biodiversity. The main message is that the economic valuation of changes in the provision of marine ecosystem services and biodiversity can make sense. This requires, inter alia, that a clear ecosystem services approach is chosen, that a concrete scenario is formulated, that changes are within certain boundaries, and that the particular perspective on biodiversity value is made explicit. So far, relatively few valuation studies have met these requirements. As a matter of fact, most studies lack a uniform, clear perspective on marine ecosystem services and biodiversity as a distinct, unequivocal concept. Against this background, the Millennium Ecosystem Assessment is now recognised as a key reference for the economics of ecosystems and biodiversity. However, to date, we have insufficient knowledge about, for example, how the functioning of ecosystems relates to the production of ecosystem goods and services and what the underlying role of biological diversity is within this complex relationship, so that, for this reason alone, it is very difficult, if not factually impossible, to assess the total economic value of marine ecosystems. Even if we admit that a value could be placed on a set of goods and services represented by all marine ecosystems, and keeping in mind that at present scientists still do not have sufficient knowledge to map and calculate the full range of ecosystem goods and services (across all the different types of world ecosystems), we would be still unable to answer the question "What is the role of biodiversity in this picture?" To answer this question, we would also have to include: (a) the role of genetic variation within species across populations and its impact on the provision of ecosystem goods and services, (b) the role of the variety of interrelationships that exist between species in different ecosystems on the provision of ecosystem goods and services, and (c) the role of functions among ecosystems on the overall level of provision of ecosystem goods and services. Without any doubt, a full monetary assessment would be impossible or subject to much debate. All in all, the available economic valuation estimates should be considered at best as a lower bound to an unknown value of biodiversity, and always contingent upon the available scientific information as well as the global socio-economic context.
